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The Timtek process involves crushing of small diameter trees to form mats which
are coated with adhesive then pressed into boards. Crushing yields an effluent water that
has a high biological oxygen demand (BOD), chemical oxygen demand (COD), and total
suspended solids (TSS). This water must be remediated before it can be discharged into
water ways.
The objective of this study is to evaluate: 1) the co-composting potential for
process waste water, scrim wood waste and poultry manure; and 2) the potential for
phytoremediation of diluted process water using duckweed
The results showed that co-composting reduced the bulk and toxicity of both
process waste water and wood waste. Plant growth studies showed the composted
material is suitable for use as a soil amendment. The results of the phytoremediation
study showed that the BOD of the water could be reduced, but levels were still too high
for discharge in public waterways.
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CHAPTER I
INTRODUCTION

According to U.S. Census data, as of 1997, there were over 890 wood product
manufacturing facilities in Mississippi. These facilities produce several million tons of
waste every year, and less than 75 percent of this waste is utilized for energy or other
economical purposes (Borazjani et al., 2004). The demand for high quality, construction
sized wooden beams has outpaced reforestation, and fast-grown timbers do not provide
the quality beams necessary for construction purposes. In the near future, it is anticipated
that a new facility creating steam-pressed scrim lumber from small diameter trees will
open in Lauderdale County and begin production of structural quality timbers.
The initial crushing process of this technology yields long fibers of wood called
scrim, some of which is unusable, and must be disposed. This debris may be burned,
contributing to air pollution or may not be a viable option in all locations for all future
plants. Additionally, on-site incineration may be too costly due to Environmental
Protection Agency's (EPA) air emission regulations. Landfill disposal may also be too
costly for a plant, as even small companies can accumulate upwards of 6,000 dollars per
month in landfill fees (Borazjani et al., 1997). Wood waste from small companies, such
as furniture manufacturers, is commonly sold as a fuel source for companies equipped to
incinerate wood waste in a boiler.
1

The initial crushing and the steam press process also yield a water effluent that
contains a high concentration of organic material, wood extractives, and fibers. This
effluent water has a high biological oxygen demand (BOD), making disposal as a
hazardous waste very costly. BOD is a measurement of the rate at which the available
oxygen in an aqueous environment is depleted by microorganisms.
Current methods of treating waste water with a high BOD are aerated ponds,
bioreactors, and coagulation and flocculation followed by filtration (Ali and
Skreerishnan, 2001; Huang et al., 2004; Pokhrel and Viraraghavan, 2004).

These

processes are costly and disposal of spent filtrate or filter cakes produced by flocculation
and coagulation remains an issue. A new method of treatment that would allow for the
timely discharge of treated water into the environment is necessary.
According to the United States Department of Agriculture's website,
(http://www.nass.usda.gov/Charts_and_Maps/Poultry/brlmap.asp, 2008), the poultry
industry in Mississippi produced over 824 million broiler chickens in 2007. The waste
litter produced by this industry is of major concern. This waste has high nitrogen (N) and
macronutrient content, so it is often used as a fertilizer through land application.
However, excessive application can lead to run off problems that affect surface and
ground water.
Co-composting of wastewater and wood waste generated on site, combined with
poultry litter from nearby broiler houses provides a simple and cost effective solution to
problems posed by these three pollutants. As these three wastes contain only natural
material and chemicals, biological decomposition through composting leads to an end
2

product that is stable and can be sold as a soil additive or container media.
Phytoremediation of wood products effluent is also an environmentally friendly
technology (Huang et al., 2004).
The objective of this study was to evaluate: 1) the potential for phytoremediation
of diluted process water using duckweed; and 2) the co-composting potential for poultry
manure, scrim wood waste, and process waste water.

3

CHAPTER II
LITERATURE REVIEW

Issues with Waste Water Disposal
The EPA has strict guidelines regarding the disposal of wastewater effluent that
vary by industry. These guidelines restrict the amount of contaminants that can be
released into public water ways. These guidelines apply to, among many things, amount
of total suspended solids, total N and K, biological oxygen demand, chemical oxygen
demand, and heavy metal content of any and all process water that is to be released after
treatment (EPA.gov, 2009). With the ever increasing public awareness of pollutants and
the growing concern over the quality of public waterways, combined with increased
efforts on the part of governmental agencies, the forest products industry has felt much
firmer pressure to reduce concentration of by-product wastes and more thoroughly treat
any effluent waste water before discharging it into the environment (Pokhrel and
Viraraghavan, 2004)
Most industrial operations within the forest products industry produce some sort
of effluent waste water that must be cleaned before being discharged or otherwise
disposed of. In all facilities, the effluent water would contain wood extractives and
structural compounds, such as lignin and cellulose, which are extruded and washed away
4

from the wood during processing, as well as any chemicals used at this time. In the case
of yellow pine, a common species used in the south, the extractives in the effluent are
generally phenolic compounds, resin acids such as abeitic acid, simple sugars, fatty acids,
and triglycerides (Willfor et al., 2003; Vidal and Diez, 2005). This effluent water may
simply be a leachate from stored woodchips or it may originate from one of potentially
many processes at each facility. Leachate and runoff from log yards and hog fuel piles at
storage facilities primarily contain extractives such as resin acids and tannins, but even
these naturally occurring compounds can negatively affect the quality of surface water
(Zenaitis and Duff, 2002; Masbough et al., 2005)
Other facets of the forest products industry, such as the pulp and paper industry
produce a more complicated effluent. The bleaching process that follows the pulping
process yields even more toxic chemicals, such as chlorinated phenolic compounds, some
of which are acutely toxic at low concentrations in aquatic environments (Pokhrel and
Viraraghavan, 2004; Pacheco and Santos, 1997; Vidal and Diez, 2005). Extractives,
residual wood components and chemicals all contribute to the overall toxicity of the
waste water. Whether they are natural extractives such as abeitic acid or chlorinated
compounds, such as dioxins and pentachlorophenol, produced during the bleaching of
pulp, toxic contaminants have been shown to have detrimental effects upon aquatic
ecosystems.

Many studies have highlighted the concern of toxicity caused by the

presence of natural wood extractives in fish and invertebrate species (O’Conner et al.,
1997; Leal et al., 1997; Vidal and Diez, 2005; Pacheco and Santos, 1997). Resin acids
such as abeitic acid and chemicals from pulp mill effluents have been implicated as
5

causative agents of toxicity. Toxic affects such as mutagenicity, liver damage, and
genotoxicity have been illustrated in minnow populations, eels, and aquatic insects
(Pacheco and Santos, 1997; O’Conner et al., 1997, Leal et al., 1997)
In addition to the potential damage incurred by toxic compounds, biological
oxygen demand is a very important factor in the release of contaminated waste water, as
high BOD effluent can have detrimental effects on an aquatic ecosystem. BOD indicates
the amount of biodegradable organic pollutants in water. It is measured by the amount of
dissolved oxygen, or amount of available oxygen in the water, that is consumed during
the degradation of organic pollutants by microorganisms. As aerobic degradation is an
oxidative process, O2 is consumed in order to metabolize complex organic structures for
energy. A large concentration of organic pollutants would severely reduce the amount of
available oxygen in aquatic ecosystems as the microorganisms that degrade these
contaminants would quickly deplete dissolved oxygen supplies. Aquatic organisms such
as plants and fish require a certain level of dissolved oxygen, and rapid decreases in the
dissolved oxygen supply could result in fish kills and the formation of an anaerobic
environment. Changing aerobic conditions to anaerobic conditions can cause putrefactive
decomposition, which creates sulfides, mercaptanes, and amines.
Current methods of treating waste water in the forest products industry are aerated
ponds, bioreactors, and coagulation and flocculation followed by filtration (Ali et al.,
2007; Huang et al., 2004; Pokhrel et al., 2004). The main treatment method utilized by
the pulp and paper industry is primary clarification, followed by a secondary, usually
biological, process. Sedimentation is the primary remediation method used for the initial
6

clarification process. This process removes, on average, up to 80% of the suspended
solids found in the waste water, however it does very little to reduce the BOD and COD.
Coagulation and flocculation are generally not used in primary treatment and involve the
use of surfactants that disrupt the electrostatic potential of the dissolved solids, causing
the particulate matter to agglomerate into flocs. These chemicals have the potential to
reduce the turbidity of the water, as well as the color and COD. However, the water must
still be further treated to remove the floc and excess chemicals (Pokhrel et al., 2004).
Secondary, biological treatment methods include aerated ponds, biological
reactors, and the activated sludge process. Aerated lagoons increase the amount of air in
the water through mechanical mixing. This increase in air to water ratio helps in the
microbial degradation of contaminants.

While this method has been shown to

successfully decrease the COD, chlorinated phenolics, and BOD in waste water, further
processing is required (Pokhrel et al., 2004). Aerobic bioreactors remediate waste water
by forcing effluent water through a bed impregnated with microorganisms capable of
degrading the organic and chlorinated compounds within the water (Pohkrel et al., 2004:
Thompson et al., 2001).
The aforementioned techniques have been proven as effective methods of
cleaning effluent waste water. These processes are costly, however, and the disposal of
by products such as spent filtrate or filter cakes produced by flocculation and coagulation
remains an issue. In addition to spent filter cakes, the disposal of the sludge produced
during sedimentation remains as concern as it still contains a high number of toxic
compounds, it is nutrient dense, and is contains a large amount of organic matter.
7

Timtek
Nearly every process at a wood products facility will produce some sort of wood
waste in the form of sawdust, wood chips, or bark residues. A new wood products facility
that will produce engineered beams using the Timtek process will likely begin operations
in Meridian, Mississippi sometime in the near future. This facility may face similar
problems of wood waste disposal. The Timtek process involves the use of high pressure
rollers to crush small diameter pine trees. This crushing process creates long strands of
fibers, referred to as “scrim.” The scrim is then oriented lengthwise and glued together to
form structural grade timber.
Not all scrim produced during the crushing process will be usable and this waste
will have to be disposed of properly. According to a report released by the Forest
Products Laboratory “the least sectional dimension of the strands in the scrim shall not
exceed 19mm and the length of the strands will be approximately 20 times the least
dimension,” (Barnes et al., 2006). It is assumed that any scrim that does not fit this
standard will be considered wood waste and will have to be disposed of. For large scale
operations, it is common practice that this residue be incinerated to produce energy that
can be utilized by the manufacturer. However, small operations may not have the proper
facilities to burn waste materials. These facilities must transport all waste to larger
operations capable of utilizing the wood waste, but the high cost of transportation may
offset any potential profits that may arise from such a practice. Wood waste may be
landfilled if it cannot be incinerated, but coupled to the high cost of transportation is the
price of landfilling waste material. With the recent instability in oil prices and the rising
8

cost of transportation and landfilling, a cheaper, more economically favorable method of
waste disposal is being sought (Borazjani et al., 1997, Wiltcher et al., 2000). According
to Dr. Dan Seale (2009) once the facility is operational, it may not produce large amounts
of waste scrim, and the facility may in fact buy waste wood from other surrounding
facilities in order to run the boiler in the Timtek facility. If this is the case, and the Timtek
facility does not produce enough waste scrim for composting, wood waste obtained from
other facilities could be used instead.
More importantly, during the initial crushing process, waste water is generated by
pressing the pine trees. Pine trees contain high amounts of water and this water is forced
out during the crushing process. This water contains high concentrations of extractives,
carbohydrates, and woody fibers. Consequently, this water exhibits a high BOD and must
be remediated before it can be discharged into the environment.

Problems with Poultry Manure
Poultry production in the United States is concentrated in the mid-south region of
the country. According to the U.S. Department of Agriculture, in 2007, 8.05 billion
broiler chickens were produced in the United States and Mississippi alone produced 824
million broilers (http://www.nass.usda.gov/Charts_and_Maps/Poultry/brlmap.asp, 2008).
According to estimates of 1.5 kg of manure per bird per year (Moore et al., 1998) this
yields more than 1.26 million metric tons of broiler manure for the 2007 production year.
This waste is one of the primary concerns for poultry farmers.
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Poultry litter, which is composed of bedding material, feathers, and waste feed
contains macronutrients and has a lower moisture content than poultry manure. Poultry
manure has higher moisture content and is very nutrient dense, containing large amounts
of P, N, K, Ca, Mg and Na. Manure and litter also contain trace amounts of other
essential nutrients such as Mn, As, Fe, Zn and Cu. (Moore et al., 1998; Jackson et al.,
2003). High nutrient content in, poultry manure and litters make these wastes acceptable
as soil amendments or fertilizers and land application is a common method of disposal
(Moore et al., 1998). Land application has been shown to increase soil organic matter,
increase soil NO3 concentrations in the top soil, and provide macronutrients for plant
growth (Nyakatawa et al., 2001).
Poultry manure is commonly sold to neighboring farms as a fertilizer. However,
transportation costs limit the distance poultry manure can be hauled, leading growers to
apply poultry litter to nearby farm or pasture land, usually only a few miles from the
poultry operation from which it originated (Moore et al., 1998; Jackson et al., 2003).
Excessive or repeated application to small areas of land where poultry production is high
can lead to elevated levels of N and P, which may pose health risks to the neighboring
community (Borazjani et al., 2004).
Manure contains high levels of N in the form of nitrate and ammonia. N is an
essential nutrient required for plant growth, and the high concentrations contained in
poultry manure make it an acceptable crop fertilizer (Moore et al., 1998). Poultry litter
and manures also contain high levels of P. Soluble inorganic phosphate is often used as
an amendment to poultry feed in order to stimulate growth and as such, poultry manure
10

often contains large quantities of water-soluble P (Codling et al., 2005). Though these
high concentrations of N and P are responsible for the desirability of manure as a
fertilizer, levels of nitrates and phosphates in excess of plant nutrient requirements in soil
can result in contamination of surface and ground water from runoff and leaching
(Codling and Isensee, 2005; Jackson et al., 2003; McDowell and Sharpley, 2001).
The rate of poultry litter application is often based on the N requirements of the
crop plant. According to Codling and Isensee (2005), though the N:P in both poultry litter
and manure is approximately 2:1, the N:P requirements of crop plants can be as high as
8:1, leading to a excess of soluble P in the soil profile. Phosphate levels in excess of plant
requirements lead to a buildup and eventual saturation of the soil P binding sites, which
can increase the potential for leaching and runoff into surface waters (Codling and
Isensee, 2005: McDowell and Sharpley, 2001; Moore et al., 1998).

According to

McDowell and Sharpley (2001), the eutrophication of surface waters can be attributed to
the runoff and leaching of P following land application. In addition to the potential for
eutrophication of surrounding surface waters, the concern of bacterial and viral
contamination of drinking water arises during the land application process. According to
Gagliardi and Karns (2000), livestock manures such as poultry manure contain many
potential human pathogens including Escherichia coli O157:H7, Salmonella sp,
Mycobacterium paratuberculosis, and several viruses attributed to gastrointestinal
diseases. The N content of poultry manure, combined with sufficient amounts of rainfall
can provide conditions favorable to the growth of coliforms such as E. coli. The major

11

concern stems from the contamination of drinking water wells by the migration of
pathogens through the soil profile (Gagliardi and Karns, 2000).
Given the concerns that arise from excessive land application of poultry manure,
an additional method of disposal, such as composting, could potentially alleviate the over
fertilization of lands immediately surrounding poultry operations.

Issues with Wood Waste
The forest products industry in the United States is primarily concerned with the
manufacture of finished and unfinished products from trees. Areas of industry include
manufacture of finished wood products such as plywood and oriented strand board.
Lumber from sawmills is generally sold to construction sectors. According to the
Mississippi Development Authority, as of 2003, there were hundreds of wood products
manufacturing facilities operating in Mississippi (Mississippi.gov). These facilities cover
all aspects of consumer goods relating to the forest products industry including furniture
manufacture, paper production, and lumber production. Each of these facilities produces
wood waste in some form that must be disposed of in an appropriate manner. A survey
conducted by the Mississippi State University Department of Forest Products collected
data from local lumber and wood products manufactures in Northeast Mississippi. This
study revealed that Northeast Mississippi alone yields over 2.3 million tons of wood
waste are each year. Approximately 60 percent of this wood waste was sold as waste to
another company for various uses, including energy production. A very small percentage
of companies surveyed reported recycling their own wood waste. Some companies
12

reported paid disposal amounts, which totaled approximately 43,500 tons per year
(Garrard and Leightley, 2005).

Aqueous Phytoremediation
Though current wastewater treatment methods in the forest products industry are
capable of significantly reducing the amount of organic matter (COD and BOD), toxicity,
and color content of effluent waters, the industry may face further restrictions on
contaminant levels and regulations on water quality.

As such, methods of tertiary

treatment, following primary and secondary chemical treatments and biological
treatments, may be necessary to further reduce the contaminant content of effluent water
(Thompson et al., 2001). Methods such as coagulation followed by membrane filtration
have been proven as possible tertiary remediation methods (Thompson et al., 2001), but
this incurs further costs in equipment and land space.
Phytoremediation, or the use of plants to remediate contaminated soil and water,
is an emerging technology that has the potential to be much more cost effective and
publicly acceptable than further chemical treatment. Aqueous phytoremediation employs
the use of aquatic plants, both macrophytes, such as duckweed, and higher plants, such as
cattails,

to

accomplish

phytofiltration,

rhizofiltration,

phytodegradation,

and

rhizodegradation. Plants grown in hydroponic systems with a nutrient source have been
shown to be capable of remediating surface waters contaminated with toxic organic
compounds such as DDT and TNT.
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Aquatic plants have been utilized with great success as a tertiary remediation
method for paper and pulp facilities. A local paper manufacturing facility, located in
Columbus, MS, has created a successful tertiary wastewater treatment area for treatment
of several million gallons of water per day on location. Wastewater is held cooling ponds
before moving into aerated ponds that facilitate coagulation and flocculation of
suspended solids. The solids are removed and the resulting effluent is fed into an
artificial wetland containing cattails. The cattails successfully reduce the BOD of the
effluent water to concentrations that allow for disposal in a neighboring waterway
(White, 2008).
Phytofiltration and degradation refers to the processes that take place in the plant
or on the plant roots, where as rhizofiltration and degradation refer to the processes that
take place within the rhizophere itself. Phytofiltration and rhizofiltration encompass
uptake, incorporation and eventual volatilization of contaminants. Most often, the
contaminants are heavy metals, but organic compounds may also be involved. Phyto- and
rhizodegradation processes are not characterized by the uptake of contaminants in their
parent form. These processes are characterized by the degradation and transformation of
contaminants into, usually, less toxic forms through metabolic or co-metabolic reactions
that occur on the root surfaces (Arthur et al., 2005, Meagher, 2000).
Many studies have been conducted using aqueous plants, such as duckweed and
cattail species, to remediate contaminated waste water.

Waste water treated using

aqueous plants in these studies generally had a high BOD and suspended solids. As such,
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a screening test using the aqueous plant, duckweed, will be conducted in this project to
determine the plant’s capacity for remediation of the contaminated process water.
It has long been known that natural wetlands have the capacity to filter and clean
water that enters into them.

Within wetlands, the movement of water through the

rhizosphere of aquatic plants provides a natural environment in which contaminants can
settle out of the water, or they may be utilized by plants and their rhizobium in the
wetlands for an energy source (Masbough et al., 2005). In the past, natural wetlands have
been utilized as receiving areas for municipal sewage; however, in order to protect these
delicate ecosystems, they are now viewed as receiving waterways and are subject to
discharge regulations. As such, natural wetlands are often utilized as tertiary treatment
options (Masbough et al. 2005). Constructed, or man-made, wetlands are based on the
principals of natural wetlands in that they utilize the same plants and their biological
processes to remediate contaminated water.

The most commonly used plants in

constructed wetlands are cattails, rushes, and reeds, in addition to macrophytes such as
duckweed species. Constructed wetlands have a much wider range of uses than natural
wetlands, as they are not considered receiving waterways, and can be employed as a
primary clean up technique for heavily contaminated waters (Masbough et al., 2005, Ran
et al., 2004).
These man-made waterways have been used in several areas of the forest products
industry. Masbough et al. (2005) evaluated the effectiveness of a constructed wetland to
treat wood waste leachate from a storage facility in British Columbia. The wood waste
leachate contained a high extractive content as well as a high oxygen demand. The
15

constructed wetlands were capable of reducing the biological oxygen demand by
approximately half, as well as reducing the amount of total suspended solids. However,
the chemical oxygen demand was not significantly lower, as the extractives contained
within the leachate were highly recalcitrant.
In another study involving constructed wetlands, duckweed, Lemna gibba, was
tested in a primary domestic effluent treatment facility. In this study, the macrophytes
were evaluated for their ability to reduce the overall COD, BOD, N and P content of
domestic waste water. The authors, Ran et al. (2004), concluded that duckweed was
capable of reducing the overall BOD and COD of the water.
One limiting factor, mentioned by both studies, was the effect of seasonal
variations in temperature and rainfall. Masbough et al. (2005) cited the difficulties
surrounding unpredictable rainfall in the summer months, which decreased the effluent
water quality, as well as the inability to run the wetlands in the winter months.
In addition to the complications involved in seasonal temperature and
precipitation variations, a potential limiting factor to constructed wetlands may be the
availability of land. Constructed wetlands require large areas of land, especially in the
case of duckweed covered systems. In duckweed covered ponds, there must be a high
water to duckweed ratio in order to obtain the maximum treatment capacity, so the ponds
must be very large and shallow. This may be a constraint for some facilities that may not
have access to large areas of land. Additionally, the low water levels may serve to
concentrate the contaminants though evapotranspiration, leading to a more recalcitrant
wastewater product (Korner et al., 2003, Masbough et al., 2005).
16

Composting
Composting is the aerobic biodegradation of organic material into stable, humus
material by microorganisms at elevated temperatures. Composting reduces the overall
volume and toxicity of waste products, yielding a valuable, nutrient rich product that can
be used as a soil amendment (Borazjani, 2000).

Composting is becoming a more

acceptable method of treating organic wastes as interest in “green” technologies increases
and as the cost of landfilling and transportation of wastes continues to increase. In recent
years, many European companies have turned to composting as a suitable method of
treating organic, biodegradable wastes (Kapanen and Itavaara, 2001).
The concept of composting wood waste products from various forest products
industries has been well studied. These studies have tested the feasibility of composting
wood waste from the furniture manufacturing industry, preservative treated wood waste,
as well as the composting of wastewater sludge from the paper and pulp industry
(Borazjani et al. 2004; Marche et al., 2003; Wiltcher et al., 2000). Borazjani et al. (2004)
successfully composted furniture and sawmill residue with chicken manure to produce a
humus material that was a suitable soil additive. This study also showed a significant
reduction in the toxicity of the composted material.
In a similar study conducted by Wiltcher et al. (2000), phenolic-bonded plywood
waste was composted with chicken, horse, and cow manure. As the plywood waste
contained phenol-formaldehyde resin, it was considerably recalcitrant to degradation;
however, it was successfully composted with chicken litter when the appropriate nutrients
and conditions were provided (Borazjani et al., 2004; Wiltcher et al., 2000). Given the
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promising results of these studies, composting of the Timtek process water with chicken
litter and Timtek wood waste (sawdust) may be a viable solution to an otherwise
expensive problem.
Before composted material can be sold or utilized as a soil amendment, it must be
tested for toxicity and maturity. Maturity implies that the compost contains no phytotoxic
compounds or pathogens that could impact the overall health and growth of plant
material (Bernal et al., 1998 ). In addition to a lack of toxic components, mature compost
must possess the qualities of humus material. If compost is not completely mature when
it is added to soil, microorganisms in the soil will continue to utilize the substrate as
metabolic material, therefore inhibiting plant growth though N immobilization (Bernal et
al., 1998; Kapanen and Itavaara, 2001 ).
According to Kapanen and Itavaara (2001), a bioluminescence assay, known as
the Microtox assay, involving the microorganisms Vibrio fisheri is an acceptable method
of testing the toxicity of extracts from composted material. This method measures the
change in light intensity given off by the luminescent bacteria. Any change from light
emission when compared with the control sample of pure water indicates damage to the
bacteria by toxic compounds.
Another accepted method of testing toxicity involves the germination and growth
of plants in a medium that contains composted material (Warman, 1999). Phytotoxicity
is measured by a lack of germination or by an inhibition of growth and root elongation in
the test plants. Several species, such as radish, ryegrass, mustard, and turnip, have been
identified as sensitive plants that can be used to test phytotoxicity. Any lack of growth in
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these plants grown in composted material can be attributed to phytoxic compounds such
as acetic acid or to the immaturity of the compost (Kapanen and Itavaara, 2001; Bernal et
al., 1998).

Co-Composting
Co-composting is an important bioremediation technique that is unique in its
ability to treat more than one contaminant at a time. Co-composting involves the
composting of two different wastes, mainly generated from the same products, together at
once. This technique reduces the total bulk and toxicity of both products and eliminates
the separate treatment costs for the two wastes.

Materials commonly used in co-

composting are agro-industrial wastes like maize straw, wheat, manures, and industrial
wastes such as olive mill waste and paper mill sludge.
Co-composting is often used to reduce two wastes produced by the same facility.
Such is the case in many European olive oil manufacturing facilities. These facilities
compost olive mill waste water with the solid wastes resulting from the production of
olive oil. Recent studies of olive mill waste water have shown that water with a high
BOD, high toxicity, and high concentration of organic material and extractives can be cocomposted with agricultural wastes, such as corn straw and wheat, to yield mature,
nontoxic compost (Monteoliva-Sanchez et al., 1997; Paredes et al., 2002).

Studies

conducted by Paredes et al. (2002) using olive mill waste water co-composted with either
maize straw or cotton waste, yielded promising results. The end result of the cocomposting experiment was a humus-like material that had high nitrate concentrations,
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high organic matter, and a significant reduction in phytoxicity. Additionally, there was
significant reduction in the concentration of lignin and cellulose. Olive mill waste water
and the Timtek process water have some similar chemical and oxygen demand properties,
and the olive mill compost studies provide proof of this concept as well as promising
results.

Additional studies involving the co-composting of paper mill sludge and

hardwood sawdust yielded promising results as well. In a study conducted by Marche et
al. (2002), paper mill sludge was successfully composted with hardwood sawdust. The
outcome of all of these studies showed that recalcitrant, bulky materials could be
successfully composted.

The composted material exhibited significant reductions in

weight and toxicity, and had the potential to be sold as a value added product that could
be applied as fertilizer or a plant container substrate (Marche et al., 2003). Finally, in a
study conducted in Finland, the effects of co-composted paper and pulp industry sludge
and different residuals on soil properties were measured. The five composts contained
pulp mill bio-sludge composted with bark, bio-sludge and primary sludge composted
with bark, and paper mill bio-sludge composted with board-mill sludge. Each of these
composts was applied to agricultural lands on the basis of the nutrient availability of the
composts in relation to the plant nutrient needs. All co-composted materials had positive
effects on the soil properties such as porosity, C and N content, and C:N ratio. When
compared to crop yields from fields fertilized with commercially available fertilizers,
there was no discernable difference in yields (Sippola et al., 2003).
The various co-composting studies that have been conducted on a wide variety of
forest products wastes yield promising information. Co-composting is not a labor, cost,
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or land intensive operation, and can be conducted on site. Additionally, the process
yields a value added product that can be sold for profit by the manufacturer. Given the
limitations of cheaply available land, the constraints of surrounding businesses and
neighborhoods, and seasonal operating factors, co-composting of process water with
wood waste may be more practical than the prospect of constructing wetlands.

21

CHAPTER III
MATERIALS AND METHODS

Following the initial analysis of the process water, two separate treatment options,
aqueous phytoremediation and co-composting, were used in an effort to determine the
most viable method of remediation for the process water.

Initial Water Screening

Characterization of Process Water
An initial sample of process water was collected from the facility in Lauderdale
County, MS. This initial sample was diluted to an approximately 1 to 4 ratio using
distilled water. Two identical samples of this initial dilution were collected and sent to an
off-campus environmental testing facility to determine the BOD (EPA method 405.1),
COD (EPA method 8000), total suspended solids (EPA method 160.2), and total K and N
content (EPA method 351.4). Metal content was determined at this time. To determine if
the BOD could be reduced through filtration, four 250 ml aliquots of sample water was
filtered through four separate filter columns filled with kenaf with fiberglass at the
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bottom. The resulting filtrates were composited into one additional sample and subjected
to the same testing parameters as the initial replicates. All results were given in mg/L.
In order to further characterize the process water, additional testing was conducted to
determine the glucose content of undiluted water.
HPLC analysis for glucose content was conducted at the Mississippi State Chemistry
Laboratory on the MSU campus.

Plant Screening
A stock of the aquatic plant, duckweed (Lemna gibba), was obtained from the
Department of Plant and Soil Sciences on the MSU campus. To determine if duckweed
could grow in the process water without further dilution, an initial screening experiment
was conducted using process water and a control of distilled water.
Two treatments with five replicates each were created for this study. Five mason
jars were filled with 100ml of the initial sample of process water (reduced to 1:4 dilution)
and 10ml aliquots of Miracle Gro® solution were added to each jar. Additionally, five
controls filled with 100 ml distilled water and 10ml Miracle Gro solution were created.
All ten samples were set by a sunny window at room temperature. Sufficient amounts of
duckweed plants were added to each jar so that the surface of the water was nearly
covered. These replicates were allowed to grow for two weeks, with distilled water
added as needed to maintain a constant water level. After two weeks, replicates were
visually analyzed to determine the overall effect of the process water on duckweed. The
process water at the initial 1:4 dilution supported heavy floccular growth and a surface
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biofilm quickly overwhelmed the duckweed, indicating that further dilution was
necessary to support duckweed growth.

Aqueous Phytoremediation Study
Additional duckweed was acquired, along with a supply of micronutrients in the
form of Scott's Micromax®. Stock duckweed cultures were maintained in shallow, 4 liter
plastic bins, with the water level constantly maintained at approximately 2.5cm depth.
Distilled water was used in all testing to reduce the amount of salts and micro-nutrients
that would be present in tap water. Miracle Gro® solution, prepared according to
manufacturer’s directions, and Micromax granules dissolved in DI water (1.5g/L) were
used as nutrients in both stock cultures and experimental replicates requiring nutrients.

Shaker Flask Study
Ten treatments containing 100 ml of diluted process water in identical 250 ml
Erlenmeyer flasks, with three replicates each, were created at the start of the study. Each
treatment was created using the initial sample of process water (1:4 dilution), which was
further diluted to either an additional 1:4 or 1:10 dilution, resulting in 1:16 and 1:40
dilutions from the original concentration. Each treatment contained different parameters
regarding duckweed inoculation, nutrient content, aeration, and further dilution of the
initial process water sample. Due to the observable biofilm growth that overwhelmed the
duckweed during the initial screening tests, two treatments were diluted 1:4 from the
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initial sample, were autoclaved in an attempt to reduce the number of microbes contained
within the process water that would interfere or inhibit duckweed growth. It was
assumed that if the microbial count could be reduced or killed through autoclaving, the
duckweed might have a chance to flourish and reduce the overall BOD. As a control for
the autoclaved water, two additional un-autoclaved 1:4 dilutions were created. Nutrients
were supplied weekly in 1 ml aliquots each of Miracle Gro® solution and Micromax®
solution (1.5g/L). Treatments are detailed in table 1.
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Table 1

Sample Description, Dilution, and Treatment number for Aqueous Phytoremediation
Dilution

Treatment Description

Replicates

T1 - 1:16/N/FS/Sh/A/Sh

1:16

Autoclaved, (+) nutrients, (-) Duckweed, Foam Stopper (Shaken)

1
3

T2 - 1:16/N/D/FS/A/Sh

1:16

Autoclaved, (+) nutrients, (+) Duckweed, Foam Stopper (Shaken)

3

T3 - 1:16/N/FS/Sh

1:16

(+) nutrients, (-) Duckweed, Foam Stopper (Shaken)

1
3

T4 - 1:16/N/D/FS/Sh

1:16

(+) nutrients, (+) Duckweed, Foam Stopper (Shaken)

1
3

T5 - 1:40/N/D/FS/Sh

1:40

(+) nutrients, (-) Duckweed, Foam Stopper (Shaken)

1
3

T6 - 1:40/N/D/FS

1:40

(+) nutrients, (+) Duckweed, Foam Stopper

1
3

T7 - 1:16/FC

1:16

(-) nutrients, (-) Duckweed, Foil Cap

1
3

T8 - 1:16/N/FC

1:16

(+) nutrients, (-) Duckweed, Foil Cap

1
3

T9 - 1:40/FC

1:40

(-) nutrients, (-) Duckweed, Foil Cap

1
3

T10 - 1:40/N/FC

1:40

(+) nutrients, (-) Duckweed, Foil Cap

1
3
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Treatment ID

1

Note: Treatment ID refers to dilution and presence of parameters. N=Nutrients, D=Duckweed, FS=Foam Stopper, FC=Foil
Cap, A = Autoclaved

Aeration was provided through the use of foam stoppers that allowed air to
diffuse to

the duckweed.

In

addition

to

the foam

stoppers,

treatments

T1(1:16/N/FS/Sh/A), T3 (1:16/N/FS/Sh), and T5 (1:40/N/D/FS/Sh) were placed on a
shaker table. Treatments T2(1:16/N/D/FS/A/Sh) and T4 (1:16/N/D/FS/Sh) were initially
placed on a shaker table, exposed to fluorescent lights. Replicates in treatment T6
(1:40/N/D/FS) were stationary and subjected to a grow light in order to encourage plant
growth. Treatments without foam stoppers were capped with foil to reduce air exchange
and create a less aerobic environment. Foil cap did not create an anaerobic environment,
but did not allow as much diffusion as a foam stopper.
All treatments were allowed to run for 2 weeks time. At the end of the two week
period, each replicate was visually evaluated for changes in color, clarity, odor, biofilm
formation, and flocculent growth associated with plant roots or the solid material on the
bottom of the flask.

Following the visual evaluation, the three replicates for each

treatment were composited into one sample per treatment, resulting in 10 total composite
samples. The samples were then sent to an environmental testing facility where the BOD
(EPA method 405.1) of each sample was determined. Following analysis, the BOD of the
treated samples was compared to the initial BOD to determine the overall reduction for
each treatment.

27

Co-Composting Study

Compost Setup
Chicken manure was used as a N source in the composting process. The manure
was collected from the Poultry Science Department on the MSU campus.. The manure
was obtained from caged chickens and contained little sawdust or bedding material. The
manure was spread in a dry, covered area to allow for some moisture evaporation (the
manure was saturated) over the course of 48 hours. After the 48 hour drying period, two
6.0g samples were taken from the manure in order to determine the overall moisture
content, which was determined to be 50% by weight.
Scrim material was collected from the pilot plant. This scrim was ground into
sawdust using a mill to approximately 5mm size particles. Two random wood waste
samples were collected to determine the overall moisture content of the sawdust. The
moisture content was determined to be approximately 10% by weight.

These

measurements were needed to ensure accurate calculation of weight loss on a dry weight
basis. Before the experiment began, additional process water was collected from the pilot
plant. Unlike the initial sample collected for the aqueous phytoremediation study, this
stock of process water was not diluted from its original form until it was added to the
composting containers as a source of moisture. When the process water was added to the
composting replicates in treatments 3(SDIM) and 4(STM), it was diluted 1:1 with DI
water.
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Twelve 30L trash cans were purchased at a local hardware store and labeled 1-12
at random. Five 3cm holes were drilled into the bottom of each can and a layer of
gardener’s fabric was placed on the bottom of each can to prevent compost from falling
through the holes. On day zero of the composting experiment, each can was weighed
individually and the weight was recorded. Five Kg (11 pounds) of sawdust was weighed
out and then added to each can, and .45Kg (1 pound) of chicken manure was added to six
of the treatments (cans labeled 7-12). The compost in these cans was thoroughly mixed
and 3 L of water, either distilled or a 1:1 dilution of distilled water and process water was
added to each can. The cans were weighed again and set in a permanent location.
The treatments were as follows:
1. Sawdust using rain water to provide moisture (control)
2. Sawdust using only process water to provide moisture
3. Sawdust using rain water and 10% poultry litter (dry weight basis)
4. Sawdust using process water and 10% poultry litter (dry weight basis)
Complete randomized design with three replications for each treatment was used
in this study. The compost treatments were placed outside and were aerated by hand
once per week, if needed, to ensure an aerobic environment. Moisture content was
assessed weekly and was adjusted accordingly to keep the moisture levels at 50-65%
range using either distilled water or a 1:1 dilution of process water and distilled water.
Samples were taken at forty-five day intervals.

At each sampling interval,

samples were tested for pH, toxicity, compost maturity, moisture content, and microbial
count/identification.
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Aeration
Aeration of all treatments and replications was performed weekly in order to
ensure that an aerobic environment was maintained throughout each container. Each
compost treatment was physically turned by hand to ensure thorough mixing. Aeration of
the compost ensured that the moisture content remained around 50%-70% within each
container to prevent anaerobic conditions. Moisture content was adjusted through rain
fall or by adding either distilled water or a 1:1 mixture of distilled water and process
water. Compost cans were aerated once or twice per week depending on precipitation
conditions or how much water was added.
Pile temperatures above that of the ambient air temperature serve as an indicator
of the composting process. In the thermophilic stage of composting, approximately
160oF, the pile should be significantly warmer than the surrounding air. To ensure that
the treatments were composting properly, temperatures were monitored on and inbetween sampling days.

Sampling
At each sampling period, each container was thoroughly mixed before sampling
was conducted to ensure a homogenous sample was obtained. Before collecting samples,
each compost container was weighed to determine the overall weight of the compost.
Samples weighing between .3 and .4 lbs were collected from each container. Small subsamples were taken for the purposes of determining moisture content and toxicity.
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Moisture Content
Immediately following sampling, moisture content was determined by weighing a
small sample of wet compost, following by drying overnight in an oven. For each sample,
a metal pan was selected and weighed. The weight of the pan was recorded; the scale was
then zeroed out. Approximately 6g of wet composted material was then added to the pan.
Following this, the samples were dried for at least 16 hours at 100 degrees C.
Pan weight was subtracted from the total weight. The resulting dry compost
weight was subtracted from the compost wet weight to determine the weight attributed to
moisture. The moisture weight was then converted to a percentage, yielding percent
moisture content.

Toxicity
Toxicity was determined using the Microtox® technique for slightly toxic soil
samples. 18 ml aliquots of distilled water were added to twelve clean, 50 ml culture
tubes and these tubes were labeled with the appropriate corresponding sample number.
To each tube, 2 grams of compost sample was added. These samples were vortexed,
followed by sonication in a water bath for 10 minutes. The samples were then placed in
the refrigerator overnight. After refrigeration, each sample was centrifuged at 50,000
rpm for 20 minutes. The pH of each sample was measure and accordingly adjusted to a
range of 6.0-8.0, preferably around 7.0. If the pH was adjusted, the sample was
centrifuged again. Cuvettes were prepared according to the procedure with 0.05 g NaCl.
2.5 ml of each sample was mixed and properly distributed among prepared cuvettes.
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Toxicity readings were taken for each sample and toxicity was determined as more than a
5% difference between the control and leachate readings.

Nutrient Analysis of Compost
At the day zero and day 180 sampling periods, samples of approximately 40
grams were collected and sent to the Bost Soil and Plant testing facility for analysis. This
analysis provided the percent organic matter, the starting concentrations of the
macronutrients N, K and P as well as the concentration of the secondary nutrients
calcium, magnesium, and sulfur. Additionally, the micronutrients Fe, Mn, Zn, Cu and B
were reported in parts per million. In order to determine percent carbon, samples were
sent to an environmental testing facility.

Percent carbon was determined through

measurement volatile suspended solids (Method 160.4).

Emergence Test and Greenhouse Study
The compost maturity test was performed using a modified radish seed emergence
test, based on the maturity tests described by Florida’s Online Composting Center
(compostinfo.com). The radish test shows how the compost performs as a soil additive
and if it is harmful to the plants. Radishes are very sensitive and need specific growth
parameters so if the compost affects those parameters in a negative way the test allows
for the visualization of these negative effects.
In addition to the radish test, mature compost was evaluated as a suitable
container substrate in combination with industry standard bedding plant media. In a four
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week study, pansy plugs were planted in the finished compost products along with a
control containing standard potting media, MetroMix® 300. Each treatment contained
six replicates. Treatments were arranged in a completely randomized order inside a
greenhouse. The plants were fertilized with commercially available fertilizer tailored to
the nutrient requirements of pansies. The timing of the composting study resulted in a
need to grow pansies during cold weather. Pansy pots were placed on heated mats to
encourage root growth. At the end of the four week period, plant measurements of height
and width, weight, and vigor were taken to determine which treatments produced the
largest plants.

Statistical Analysis

Analysis of Composting Data
Weight loss, nutrient content, and toxicity results from the co-composting and
greenhouse studies were statistically analyzed to determine significant differences among
treatments. Means of replicates were determined for each treatment. Mean comparisons
were made using a least significant difference at the

α=0.05

probability level by the

Statistical Analysis System (SAS) using Duncan’s multiple range analysis.

Co-

composting treatments are listed below in table 2. Composting treatments will be referred
to with respect to the treatment number and corresponding reference ID, i.e. treatment 1
will be referred to as T1-SDI, treatment 2 will be referred to as T2 - ST, etc.

33

Table 2

Sample Description, Reference Number and Co-Composting Treatment
numbers

Sample
Sawdust + DI Water
Sawdust + Timtek
Sawdust + DI Water +Manure
Sawdust + Timtek + Manure

Reference
ID
SDI
ST
SDIM
STM

Treatment
number
Treatment 1
Treatment 2
Treatment 3
Treatment 4

Replicates

Note for Reference ID: S=Sawdust, DI= Deionized Water, T=Process Water,
M =Manure. Letters indicate presence of indicated parameter.
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3
3
3
3

CHAPTER IV
RESULTS AND DISCUSSION

Phytoremediation Study Results

Results of Water Characterization
Glucose screening results revealed no detectable concentration. The initial
screening of the process water revealed a high BOD of 5190 mg/L and COD of 6135
mg/L. Suspended solids were measured at 235 mg/L and TKN content as 10 mg/L.
Filtration of the process waste water through filter columns packed with kenaf and
fiberglass reduced the BOD reading by approximately 50% to 2610 mg/L and reduced
the suspended solids by nearly 85% to 35 mg/L. Filtration had no measurable effect on
COD or TKN levels. The pH of the waste water was determined to be weakly acidic,
with a pH of 4.5. Metal and glucose content as well as method and detection limit are
listed in table 3. The procedure used for sugar analysis was AOAC (Association of
Official Analytical Chemist) Method 977.20 (2000).
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Table 3

Analytical Results of Metal and Glucose Content Screening of Timtek
Process Water in Terms of mg/L

Metal

Result in mg/L

Detection
Limit
(mg/L)

Method
Used

Arsenic

<0.002

.002

200.7

Beryllium

<0.001

.001

200.7

Cadmium

0.0044

.001

200.7

Chromium

0.034

.01

200.7

Copper

0.21

.001

200.7

Lead

0.0092

.005

200.7

Nickel

0.032

.007

200.7

Selenium

<0.002

.002

200.7

Silver

<0.002

.002

200.7

Zinc

16.0

.002

200.7

Antimony

<0.006

.006

200.7

Thallium

<0.01

.01

200.7

Mercury

<0.0002

.0002

245.1

Glucose

Non Detect

10 ppm

977.20

Results of Initial Plant Screening and Shaker Flask Study
Initial screening of the process water using duckweed grown in a 1:4 dilution with
deionized water resulted in plant wilting and biofilm formation that eventually killed the
duckweed. It was determined that this concentration was too high for successful growth
of the aquatic plants.
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For the shaker flask study, the dilutions were increased to either 1:16 or 1:40.
After only 16 hours of treatment, the duckweed in the plant-containing flasks on the
rotary shaker containing a 1:16 dilution, treatment T2 (1:16/N/D/FS/Sh/A) and treatment
T4(1:16/N/D/FS/Sh), had wilted or fallen to the bottom of the flask. These treatments
were moved to a stationary position and exposed to a grow light to encourage plant
growth. When the plants did not recover, it was determined that the plants were not
choloritic from a lack of sunlight and had succumbed to a factor present in the diluted
Timtek water, indicating that a 1:16 dilution is too toxic for duckweed growth. However,
treatment T3 (1:16/N/FS/Sh), showed significant visual improvement in clarity and
contained a strong flocculation of solids on the bottom of the flask. Plants in treatment
T6 (1:40/N/D/FS), were still viable at the end of the two week study. The roots of the
duckweed fronds supported heavy flocculent growth and there was a considerable
amount of flocculent growth attached to the solids on the bottom of the flask.
The water in treatment T6 (1:40/N/D/FS) was considerably clearer that the other
treatments. Treatment T3 (1:16/N/FS/Sh) exhibited the greatest overall loss in BOD,
indicating that simple aerated aerobic degradation may be the best method of reducing
BOD. Visual observations of the remaining treatments did not indicate improvements in
water quality. These treatments were turbid and supported heavy biofilm growth. At end
of the two week study, visual observations were recorded and composite samples were
analyzed for BOD levels. Change in BOD is listed in table 4. After treatment using
phytoremedation, BOD levels of samples are still 100 times higher than required
discharge levels. Process water would require additional treatment to reduce the BOD
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before it could be safely discharged. Therefore, this type of treatment can be used as a
secondary or primary treatment option, but cannot be used as the sole treatment method.

Table 4

Description of Samples and Treatments, Initial BOD and Results of
ending BOD measurements

ID
T1 - 1:16/N/FS/Sh/A

Dilution

Initial
BOD mg/L

Final
BOD mg/L

% Reduction in BOD

1:16

1300

780

-40%

1:16

1300

810

-38%

1:16

1300

380

-71%

1:16

1300

635

-51%

1:40

520

300

-42%

1:40

520

300

-42%

1:16

1300

1110

-15%

1:16

1300

1170

-10%

1:40

520

750

44% (Increase)

1:40

520

600

15% (Increase)

T2 - 1:16/N/D/FS/Sh/A
T3 - 1:16/N/FS/Sh
T4 - 1:16/N/D/FS/Sh
T5 - 1:40/N/D/FS/Sh
T6 - 1:40/N/D/FS
T7 - 1:16/FC
T8 - 1:16/N/FC
T9 - 1:40/FC
T10 - 1:40/N/FC

Co-Composting Study Results

Weight Loss Results
Dry weight for each sampling period as well as weight loss results are
summarized in figures 1 and 2, respectively. Within treatments, day 0 and day 180 dry
weights were significantly different.

In terms of percent weight loss, treatment 3
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(SDIM), amended with chicken manure, was not significantly different from the
treatment 4 (STM) amended with manure and process water. Both treatments amended
with manure showed weight loss that was significantly different from the treatments that
were not amended with manure.

Dry Weight
12

Weight in Pounds

10
Day 0

8

Day 45
6

Day 90
Day 135

4

Day 180

2
0
Treatment 1

Treatment 2

Treatment 3

Treatment4

Treatm ent

Figure 1

Reduction in Dry Weight at each Sampling Period for all Treatments.
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Total Percent Weight Loss
25

Percent weight loss

B
20
15

B

A
A

10
5
0
Treatment 1

Treatment 2

Treatment 3

Treatment4

Treatm ent

Figure 2

Percent Weight Loss at day 180. Columns with different letters indicate a
significant difference between weight loss at the α=.05 level of
significance.

Nutrient Analysis Results
Most treatment replicates showed a drop in N, K and P concentrations from day 0
to day 180. Other macronutrient concentrations (Ca, Mg, and S) and micronutrient
concentrations (Fe, Mn, Zn, and Cu) remained constant throughout the composting study.
Percent carbon decreased from day 0 to day 180 for all treatments. Overall, the C:N for
all treatments was reduced from day 0 to day 180. Treatment T4 (STM), amended with
manure and process water showed the greatest decrease in C:N over the six month study.
C:N ratios are detailed in table 5.. Figure 3 presents a graphical representation of
beginning and ending C:N.
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Table 5

Percent Carbon, Percent Nitrogen, and Carbon to Nitrogen Ratios for
days 0 and 180

Carbon to Nitrogen Ratios
% Carbon
% Nitrogen
Day 0
Day 180
Day 0
Day 180
Sawdust+DI water
40.5
22.48
0.66
0.38
Sawdust+DI water
41
24.22
0.52
0.46
Sawdust+DI water
40
20.75
0.64
0.35
Sawdust+Timtek Water
43
19.95
0.78
0.42
Sawdust+Timtek Water
37
23.77
0.63
0.36
Sawdust+Timtek Water
42
24.57
0.46
0.38
Sawdust+DI water+Manure
43
25.2
0.49
0.35
Sawdust+DI water+Manure
44.5
25.41
0.48
0.37
Sawdust+DI water+Manure
47
27.09
0.5
0.36
Sawdust+Timtek water+Manure
43
26.18
0.61
0.6
Sawdust+Timtek water+Manure
46
29.63
0.59
0.78
Sawdust+Timtek water+Manure
40
22.73
0.63
0.42

Day 0
61:1
78:1
62:1
55:1
59:1
90:1
87:1
92:1
94:1
71:1
78:1
64:1

C:N
Day180
59:1
52:1
59:1
45:1
63:1
64:1
68:1
66:1
75:1
43:1
38:1
54:1

Ratio of Carbon to Nitrogen (C:1)

Carbon to Nitrogen Ratio for Days 0 and 180

A

100
90
80
70

A

A
A

A

60

B

A
B

50

Day 0
Day 180

40
30
20
10
0
Treatment 1 Treatment 2 Treatment 3 Treatment 4
Treatm ent

Figure 3.

Change in Carbon to Nitrogen Ratio. Carbon to Nitrogen is represented at
C:1 Columns with different letters indicate a significant difference in C:N
at the α=.05 level of significance.
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pH Results
Table 6 shows the results of pH measurements taken using a Metler Toledo
SevenGo pH probe. Treatments T1 (SDI) and T2 (ST), pH results were weakly acidic for
all sampling periods, though both treatments showed an increase in pH from day 0 to day
180. On day zero, treatment T2 (ST) was slightly more acidic than all other treatments,
with a pH close to that of the process water, which were 4.5. Treatments 3T(SDIM) and
4 (STM) had a higher initial pH and showed a slow increase over the course of the study.
Both treatments had a neutral pH on day 180.

Table 6.

pH Measurements for all Treatments and Sampling Days

Replicate
Sawdust+DI water
Sawdust+DI water
Sawdust+DI water
Sawdust+Timtek Water
Sawdust+Timtek Water
Sawdust+Timtek Water
Sawdust+DI water+Manure
Sawdust+DI water+Manure
Sawdust+DI water+Manure
Sawdust+Timtek water+Manure
Sawdust+Timtek water+Manure
Sawdust+Timtek water+Manure

pH Results
Day 0
Day 45
5.55
5.6
5.65
5.43
5.32
5.52
4.8
5.48
4.93
5.62
4.96
5.6
5.3
6.86
5.79
6.89
5.86
6.83
5.62
7.18
5.05
7.4
5.85
7.4

Day 90
5.63
5.78
5.82
6.04
5.7
6
6.74
6.98
7.16
7.34
7.42
7.34

Day 135
5.8
5.9
5.75
6.04
6.08
6.06
6.74
6.77
7.32
7.59
7.45
7.42

Day 180
5.46
5.88
5.66
6.24
6.27
6.28
7.26
7.36
7.4
7.5
7.41
7.47

Toxicity Screening
Composting resulted in a decrease in the overall toxicity of all treatments. In all
treatments, compost was significantly less toxic by day 45, showing at least a 50% drop
in toxicity levels. Statistical analysis of treatments showed that there was a significant
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difference in toxicity between day 0 and all other sampling periods. There was not a
significant difference in toxicity within treatments between day 90 and day 180. Figure 4
illustrates the toxicity levels for all treatments on all sampling days.

Compost Toxicity
140.0

A

Relative Toxicity

120.0
100.0

A

A

A

Day 0
Day 45

80.0

Day 90
60.0
40.0

Day 135

B

Day 180

B

B

B

Treatment 3

Treatment 4

20.0
0.0
Treatment 1

Treatment 2

Treatm ent

Figure 4.

Relative Percent Toxicity of Compost Leachate as Compared to Distilled
Water. Columns with different letters above them indicate a significant
difference between toxicity measurements at the α=.05 level of
significance. “A” statistical grouping refers only to Day 0. All other
sampling periods fall under “B” statistical group, indicating no significant
difference between all other sampling periods.

Plant Germination Rates
It can be said that compost was fully matured, as evidenced by radish seed
germination tests. By day 180, all amendments showed seed germination rates of 100%,
indicating a mature product. Seed germination rates for all sampling periods are listed
below in table 7. Visual ratings, on a scale of 1 to 5 (5 being the best), showed
improvement from day 0 to 180 for treatments containing manure. Of the manure
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containing treatments, the most improvement was shown for the treatment amended with
process water (T4-STM). Treatments not amended with chicken manure yielded plants
with above ground growth that was significantly stunted. Radishes from all treatments
had root structure length and vigor that was comparable to that of the potting mix control.
Figure 5 is a graphical representation of the overall plant vigor visual ratings for each
treatment and sampling period. Toxicity results, along with germination rate results,
indicated that this toxic process water can be remediated over time.

Table 7

Percent Seed Germination Rates
Percent Germination

Treatment

Day 0

Day 45

Day 90

Day 135

Day 180

Sawdust+DI water
Sawdust+DI water

96
92

92
79

100
83

100
100

100
96

Sawdust+DI water
Sawdust+Timtek Water

79
96

79
71

92
100

83
75

100
100

Sawdust+Timtek Water

71

88

96

92

100

Sawdust+Timtek Water
Sawdust+DI water+Manure

58
83

79
79

100
100

96
100

100
100

Sawdust+DI water+Manure
Sawdust+DI water+Manure

92
67

92
96

88
100

100
96

100
100

Sawdust+Timtek water+Manure
Sawdust+Timtek water+Manure

75
83

92
75

100
88

100
100

100
100

Sawdust+Timtek water+Manure

100

100

100

100

100

Control Potting Mix

100

100

100

100

100
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Plant Vigor (Visual Rating)

Vigor (Scale = 1 - 5)

6
5
Day zero
4

Day 45
Day 90

3

Day 135

2

Day 180
1
0
Treatment Treatment Treatment Treatment
1
2
3
4

Control

Treatm ent

Figure 5.

Plant Vigor Ratings for each Treatment and Sampling Period. Plants were
rated on a scale of 1 to 5 (5 being the best).

Compost Maturity Results
All composting treatments reached a temperature of at least 1100F by day 45.
High temperatures, above ambient temperature, were maintained until day 90 of the
composting experiment.

At the day 90 sampling period, temperature stratifications

within the treatments containing manure were evident.

Even so, the composting

treatments only partially composted, as the treatments did not reach thermophilic
temperatures. This partial composting did not affect maturity or cause increased toxicity
levels, but interfered with the formation of more humus material. It is possible that
unusually high rainfall levels, a result of hurricane activity, retarded the later stages of
composting and prevented complete composting.
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Greenhouse Results
Results of the subjective visual rating system are detailed in table 8. The results
of the greenhouse study indicated that composted material alone could support plant
growth, as shown by weight of plant biomass in figure 6. The averages of the visual
ratings indicate that the compost did not perform as well as the control potting mix.
Plants grown in standard potting media had higher visual ratings, as well as a better
growth index (data not shown). Growth index is determined by the height of the plant
compared to two widths (widest and perpendicular to the widest portion).
It is possible that the greater average biomass of plants grown in composted
material can be attributed, to some extent, to composted material clinging to the roots of
some plants. The composted material was difficult to remove without also removing
sections of root material and some compost had to be left attached. This compost was
then dried with the plants and weighed along with plant biomass. Despite higher average
weight of plants grown in composted materials, visual ratings of the pansies on the basis
of height, vigor, and root health, clearly indicated that the compost treatments did not
perform as well as standard potting media. Figures 7, 8, 9 and 10 illustrate the different
appearances of plants grown in potting media and selected treatment replicates. In all
treatments, at least a few replicates flowered and established extensive root systems .
However, none of the plants grown in compost treatments had root systems, leaves, or
flowers as pronounced as that of the control.
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Table 8. Subjective Visual Rating of Individual Replicates in all Treatments
Subjective Visual rating
Rep 1
Rep 2
Rep 3
Rep 4
3
2
1
1
2
2
3
2
2
4
3
3
2
1
4
3
2
3
3
3
3
2
2
2
1
3
3
3
3
2
2
2
2
1
3
1
2
2
2
2
3
3
1
3
2
3
2
2
4
3
3
3

Treatment
Sawdust+DI water
Sawdust+DI water
Sawdust+DI water
Sawdust+Timtek Water
Sawdust+Timtek Water
Sawdust+Timtek Water
Sawdust+DI water+Manure
Sawdust+DI water+Manure
Sawdust+DI water+Manure
Sawdust+Timtek +Manure
Sawdust+Timtek +Manure
Sawdust+Timtek +Manure
Metro Mix Control

Rep 5
2
2
1
3
2
2
3
2
1
2
3
3
3

Rep 6
3
1
3
3
3
2
3
3
1
3
1
3
3

Avg
2.0
2.0
2.7
2.7
2.7
2.2
2.7
2.3
1.5
2.2
2.3
2.5
3.2

Average Plant Dry Weight
1.8

A

1.6

AB

1.4
1.2

AB
B

AB
B

1
0.8
0.6
0.4
0.2
0
Treat ment 1

Treat ment 2

Treat ment 3

Treat ment 4

M etro mix

T r eat ment

Figure 6.

Average Plant Dry Weight. Columns with the differing letter groupings
indicate a significant difference between means at the α=.05 level of
significance.
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Figures 7.

Clockwise from top left. Figure 7a is an example of a control
grown in standard potting mix. Figure 7b is a replicate from
treatment 2 (ST) compost. Figure 7c is an example of replicate
from treatment 3 (SDIM) Figure 7d is an example of a replicate
grown in compost from treatment 4 (STM).
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CHAPTER V
CONCLUSIONS

This study attempted to characterize the potential hazards of Timtek process
effluent water, as well as analyze two potential methods for remediation. This study
found that this process water has a high BOD, COD, and TSS. Further characterization of
the process water determined that metal content was not a major concern as most metals,
aside from Zn, were present in low concentrations.
It was determined through a shaker flask study that the process water was toxic to
duckweed, and may limit growth of other aquatic plants at dilutions below 1:40. The
process water would have to be very dilute before plants could successfully grow in the
contaminated water. Given this information, it would potentially be difficult to use this
technique for remediation, as duckweed ponds require a high surface area to depth ratio.
Co-composting offers a potential solution to the problems that may be presented
by the Timtek manufacturing process. This study has shown it is possible to co-compost
two wastes from the same facility, sawdust and process water, with chicken manure to
produce a mature product.

Lowered toxicity and higher germination rates can be

achieved without the addition of poultry manure, however, it will occur at a much slower
rate. Radish seed germination tests as well as greenhouse tests have indicated that the
mature compost is a non-toxic potting media that offers nutrients to plants. However, the
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composted material did not attain a humus-like texture. It can be said that the
compost did partially compost as it did reach sustained temperatures of approximately
120-130oF. As such, the composted material might be more suited as a soil additive that
could be effectively mixed with top soil, to produce a suitable potting media. The
composted material could potentially be popular with nurseries and sold to farmers as a
bulking agent and nutrient source, adding revenue to the future facility.
More studies are needed to determine optimal ratios of process water, wood
waste, and chicken manure to produce a product that is better or comparable to popular
container media such as Metromix.
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